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Both atopy and bronchial hyperresponsiveness (BHR) are characteristic features of asthma. They are also found among non-asthmatic subjects, in- 
cluding allergic rhinitis patients and the general population. Atopy and BHR in asthma are closely related. Atopy induces airway inflammation as an 
IgE response to a specific allergen, which causes or amplifies BHR. Moreover, significant evidence of the close relationship between atopy and BHR 
has been found in non-asthmatic subjects. In this article, we discuss the relationship between atopy and BHR in the general population, asthmatic 
subjects, and those with allergic rhinitis. This should widen our understanding of the pathophysiology of atopy and BHR. 
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INTRODUCTION 

Atopy is defined as an abnormal tendency to produce IgE an- 
tibodies in response to common environmental allergens. Al- 
though it is not a disease state, it acts as a prerequisite for devel- 
oping allergic disease, including atopic asthma. Bronchial hy- 
perresponsiveness (BHR) refers to the heightened sensitivity or 
the excessive reactivity of the airways to a variety of broncho- 
constricting stimuli. While BHR is one characteristic of asthma, 
it is also found among non-asthmatic subjects, including sub- 
jects with allergic rhinitis (AR) and the general population. 

Atopy and BHR in asthma are closely related. Atopy induces 
airway inflammation as an IgE response to a specific allergen, 
which induces or amplifies BHR Moreover, BHR in AR chang- 
es according to the exposure to or the avoidance of relevant al- 
lergens. Even in the general population, the sensitization rate to 
common allergens is significantly associated with BHR. In this 
article, we discuss the relationship between atopy and BHR in 
the general population, asthmatic subjects, and those with AR, 
which should widen our understanding of the pathophysiology 
of atopy and BHR 

ATOPY AND BHR IN THE GENERAL POPULATION 

Many studies have reported a close association between ato- 
py and BHR in the general population (Table). BHR is more fre- 
quently observed in atopic subjects. The frequency and degree 
of BHR are associated with the degree of atopy. In a study in- 
volving 400 randomly selected college students, the prevalence 



of BHR was higher in the atopic group than in the non-atopic 
group, and it increased as the sum of the wheal sizes increased. 1 
In a large Australian study in which two different dominant al- 
lergens (dust mite vs. pollen) were applied to two separate ar- 
eas, atopic children had a greater risk of BHR at both areas. 2 The 
risk significantly increased when subjects were sensitized to 
mite and pollen compared to those who were sensitized to ei- 
ther alone. In a study of 527 children aged 7 to 16 years, BHR to 
Wstamine showed a good relationship to an atopic index, which 
was calculated by summing the total wheal sizes from a skin 
prick test (SPT) to nine common inhalant allergens. 3 An inde- 
pendent relationship was reported between the size of the skin 
test reactions and a bronchial responsiveness index in a multi- 
variate analysis on 662 thirteen-year-old New Zealand children. 4 
In another study, athletes had a similar relationship between 
atopy and BHR; atopic athletes had higher BHR than non-atop- 
ic athletes, with a tendency for BHR to increase over the num- 
ber of positive SPTs. 5 

Longitudinal studies have also reported a close association 
between changes in BHR and atopic status. In the aforemen- 
tioned Australian study, the prevalence of atopy and BHR for 8- 
to 10-year-old children was assessed in 1982 and 1992; the prev- 
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alence of atopy did not change after 10 years, whereas the prev- 
alence of BHR increased 1.5- to 2.2-fold, and was more promi- 
nent among the atopic group. 6 Therefore, Australian study is a 
good example that presented atopy as an important risk factor 
for both current and future BHR. In a study involving 892 seven - 
to eleven-year-old schoolchildren, atopic status and bronchial 
responsiveness were assessed twice 3.5 years apart, in 1987 (sur- 
vey 1) and in 1990-1991 (survey 2). 7 The level of BHR (percent 
decline in forced expiratory volume in 1 second [FEV1] per mg/ 
mL methacholine) was higher in the atopic group than in the 
non-atopic group, with the highest value in the group of sub- 
jects who were persistently atopic during the survey period. 



Those who were atopic in survey 1 but not in survey 2 had a 
higher/lower level of BHR in the former/latter survey, which in- 
dicates that atopic status is reflected by the level of BHR. A simi- 
lar tendency in the prevalence of BHR was observed in 10-year- 
old subjects enrolled in an Isle of Wight cohort, with the highest 
prevalence in a group of subjects who were persistendy atopic 
from the age of 4 to 10 years followed by a group of subjects 
who were non-atopic at 4 but atopic at 10, and those who were 
atopic at 4 but not at 10." These results strengthen the relation- 
ship between BHR and atopy, with an emphasis on the persis- 
tence and the current status of atopy. 
The relationship between BHR and atopy is specific to the sen- 



Table. Representative studies that show close relationship between atopy and BHR in the general population 



Subjects 


No. 


Atopy 


BHR 


Comment 


Reference 


College students in Canada 


400 


SPT, presence of atopy, 
sum of wheal sizes 


BHR to histamine, prevalence, 
degree (PC20) 


CS.DG 


[1] 


School children in Australia 


2,363 


SPT, presence of atopy, 
numbers (mono vs. poly), 
specific allergen (mite, pollen) 


BHR to histamine, 
prevalence 


Lb, DG, bPC 


[2] 


Children and adolescents 
in Denmark 


527 


SPT, presence of atopy, 
sum of wheal sizes, serum total IgE 


BHR to histamine, 
prevalence, degree 


Cb, DG 


[3] 


School children in New Zealand 


662 


SPT, sum of wheal sizes 


degree of BHR to 
methacholine, UHS 


Cb, DG 


[4] 


Athletes in Finland 


162 


SPT, numbers of positive allergen 


BHR to histamine, prevalence 


Cb, DG 


[5] 


School children in Australia 


1,487 to 1,668 


SPT, presence of atopy, 
specific allergen (mite, pollen) 


BHR to histamine, 
changes in prevalence 


LTD, bPC 


[6] 


School children in Italy 


1,215 to 892 


atopic phenotypes (never, early, 
delayed, persistent) 


BHR to methacholine, DRS 


LTD 


[7] 


Children in the Isle of Wight, 
England 


yyu to i ,u3b 


atopic phenotypes (never, early, 
delayed, persistent) 


BHR to methacholine, 
prevalence 


LI U 


roi 


School children in New Zealand 


662 


SPT, specific allergen (mite, cat, 
others) 


BHR to methacholine, 
prevalence 


Cb, bPC 


[9] 


Swedish adults 


1,412 


SPT and IgE, presence of atopy, 
specific allergen (cat, dog, mite, 
pollen, mold) 


BHR to methacholine, 
prevalence 


Cb, bPC 


[10] 


Children visited to a tertiary hospital 
in Korea 


407 


SPT, specific allergen (mite, pollen, 
mold, pets, cockroach), 
serum total IgE 


BHR to methacholine, 
prevalence 


Cb, bPC, DG 


[11] 


High school students in Korea 


724 


SPT and IgE, presence of atopy, 
numbers (no/ mono/ poly), specific 
allergen (indoor allergens, mold, 
pollen) 


BHR to methacholine, 
prevalence 


Cb, bPC, DG 


[12] 


Children living in different 
(coastal/inland) areas of Australia 


1,575 


SPT, presence of atopy, specific 
allergen (alternaria, pollen) 


BHR to histamine, 
prevalence, DRS 


Cb, bPC, DG 


[13] 


School children in New Zealand 


562 


total IgE 


BHR to methacholine, 
prevalence and degree 


Cb, DG 


[14] 


School children in New Zealand 


670 


total IgE 


BHR to methacholine, 
prevalence at 9 and 15 


Cb, DG 


[15] 


Random sample of adults in Norway 


489 


IgE to specific allergens (mite, 
timothy, birch, cat, mold) 


BHR to methacholine, 
prevalence 


Cb, bPC 


[16] 



BHR, bronchial hyperresponsiveness; bPT, skin prick test; PC20, provocative concentration that causes 20% fall in forced expiratory volume in 1 second; Cb, cross- 
sectional; DG, degree of atopy; bPC, allergen specificity ; IgE, immunoglobulin E; DRS, dose-response slope; LTD, longitudinal. 
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sitizing allergen. In the New Zealand study mentioned above, 
the prevalence of BHR was elevated in subjects sensitized to 
house dust mite (HDM) and to cat epithelia. 9 Moreover, the 
prevalence was more elevated in those sensitized to both aller- 
gens simultaneously, whereas it was not higher than that of non- 
atopic subjects when children were sensitized to allergens oth- 
er than HDM or cat epithelia. A study involving 1,412 Swedes 
reported that BHR prevalence was strongly related to cat epithe- 
lia sensitization and weakly to grass pollen sensitization, but not 
to sensitization to HDM, birch, mugwort, or molds. 10 In a Kore- 
an study on symptomatic children who visited the allergy clinic 
of a tertiary hospital, 11 HDM and pollen sensitization among 
five allergen groups (HDM, pollen, mold, pets, and cockroach- 
es) were related to BHR in all subjects but only HDM sensitiza- 
tion was related to BHR when the study was confined to sub- 
jects diagnosed as having bronchial asthma. Sensitization to 
other allergens was not related to BHR. A further study on Ko- 
rean high school students reported that 12.3% had BHR and 
53% were sensitized to at least one allergen (the HDM sensiti- 
zation rate was up to 40%). 12 Atopic subjects were at a higher 
risk of BHR, especially when they were sensitized to indoor al- 
lergens or molds rather than pollens, and to multiple allergens 
rather than a single allergen. These results indicate that the as- 
sociation between atopy and BHR is allergen-specific but that 
the specific allergens vary across the studies. In general, sensiti- 
zation to HDM is strongly correlated with BHR in coastal areas, 
whereas in dry inland regions sensitization to Alternaria fungi 
or pollens is more important. 213 

BHR also shows a significant relationship with the degree of 
atopy when evaluated based on serum levels of total IgE. It has 
long been reported that BHR to methacholine is correlated with 
the level of total IgE in the serum, which has been observed not 
only in subjects with asthma and rhinitis but also in asymptom- 
atic subjects. 14 A birth cohort study reported that the level of to- 
tal IgE at the age of 1 1 years was separately associated with BHR 
at the ages of 9 and 15 years. 15 In a general population study in- 
volving 600 subjects, of five common allergens (HDM, Timothy 
grass, birch, cat, and mold), subjects sensitized to HDM had a 
significantly higher prevalence of BHR than those who were not 
sensitized. 16 Although the prevalence of BHR in those sensitized 
to cat or mold was higher, this was not significant. Furthermore, 
those sensitized to Timothy grass and birch pollen did not ex- 
hibit an increase in the prevalence of BHR. This result indicates 
the antigen-specificity of the relationship between atopy and 
BHR in the general population. 

VARIATION IN BHR ACCORDING TO ALLERGEN 
EXPOSURE OR AVOIDANCE 

In atopic subjects, BHR increases or decreases according to 
the level of exposure. Indeed, in subjects who are sensitized to 
seasonal allergens, BHR increases in the relevant season and 



returns to its normal level out of season. Moreover, BHR increas- 
es after an allergen provocation test, whereby exposure is in- 
creased artificially. For a perennial allergen, the level of BHR 
varies according to the environment or the specific period. 

In a study on 13 seasonal asthmatics who were sensitized to 
ragweed pollen, methacholine PC20 decreased significantly 
during pollen season but not outside of the season. 17 In a study 
on 10 atopic asthmatics sensitized to grass or Parietaria pol- 
lens, methacholine PC20 measured 5 months after the season 
increased significantiy compared to that measured during the 
relevant season. 18 This elevation in BHR in relationship to the 
increase in exposure to seasonal allergen is not limited to asth- 
matic patients. In previous studies, subjects with AR who were 
sensitized to pollen allergens displayed an increase in the fre- 
quency and degree of BHR during the pollen season when BHR 
was assessed using carbachol 19 or methacholine. 20 

The seasonal variation in BHR is not confined to subjects sen- 
sitized to seasonal allergens. In a study on nine subjects sensi- 
tized to HDM, researchers measured the Der p I concentration 
in the living room and the bedroom every other week and BHR 
to histamine every month. 21 They found seasonal variation in 
Der p I concentration and PC20 to histamine, whereby the for- 
mer was highest in autumn (and lowest in spring) and the latter 
was lowest in autumn (and highest in spring). In a study on 165 
atopic asthmatics, while PC20 was highest in the spring and low- 
est in the autumn in subjects mono-sensitized to HDM, it was 
highest in the winter and lowest in the summer in those co-sen- 
sitized with pollen allergens. 22 In a further study on asthmatic 
subjects sensitized to HDM, the concentrations of Der p I and 
Der p II measured at each patient's house were significantly 
negatively correlated with the cumulative provocative dose of 
methacholine, inducing a 20% fall in FEV1 (PD20). 23 These re- 
sults indicate a close relationship between variation in BHR 
and the concentration of HDM allergens. 

Allergen provocation tests, which increase the level of expo- 
sure to a relevant allergen, increase BHR in atopic patients. In a 
study in which changes in BHR to histamine or methacholine 
before and after allergen challenge tests were evaluated in 13 
asthmatic patients, all 4 subjects who showed definite late asth- 
matic responses (LARs) and 3 of 5 subjects who displayed equiv- 
ocal LARs had increased BHRs, which persisted for up to 7 days. 24 
In another study, the degree and duration of a decrease in PC20 
to histamine were well correlated with the degree of LARs. 25 The 
presence of LARs appears to be a key feature associated with an 
increase in BHR. In another study, when the methacholine chal- 
lenge test was performed 24 hours after allergen provocation 
with relevant allergens in 31 subjects with mild asthma, a signif- 
icant decrease in PC20 was observed only in the 21 subjects who 
showed LARs. 26 This indicates that the presence of an LAR is an 
important risk factor for an elevated BHR. The importance of 
exposure to a relevant allergen in an environment other than 
the laboratory has also been reported. The Childhood Asthma 
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Management Program (CAMP) reported a significantly lower 
level of methacholine PC20 in subjects exposed to allergens to 
which they were sensitized than in those who were not exposed. 27 

The increase in BHR parallel to the increase in allergen expo- 
sure appears to be related to an elevation in the eosinophilic in- 
flammation of the lower airway. In a study on patients with sea- 
sonal AR, methacholine PC20 was significantly associated with 
the level of total IgE in the serum and the number of eosinophils 
during the relevant season. 20 In a study on induced sputum in 
seasonal AR, an increase in eosinophil counts in the serum and 
a decrease in the number of apoptotic eosinophils were observed 
only during the relevant season. 28 In a study of 17 seasonal asth- 
matics sensitized to grass pollen, and on whom bronchial biop- 
sies and bronchoalveolar lavage (BAL) were performed before 
and after the relevant season, all subjects showed increased air- 
way inflammation during the relevant season as indicated by 
an increase in the number of T cells, eosinophils, and degranu- 
lated mast cells. 29 In addition, in a study on 12 asthmatic pa- 
tients who had methacholine provocation tests and BAL before 
and after allergen provocation tests, the decrease in methacho- 
line PD20 was correlated with eosinophil numbers in the BAL 
fluids. 30 Finally, a study on 50 asthmatic patients who under- 
went methacholine provocation tests and sputum inductions 
before and after the allergen provocation test showed a signifi- 
cant association between changes in methacholine PC20 and 
the number of eosinophils in their induced sputum. 31 These re- 
sults indicate that the increase in BHR after exposure to a sea- 
sonal allergen or after laboratory provocation by the related al- 
lergen may occur through an increase in inflammation of the 
eosinophilic airway. 

Elevated BHR can be diminished by avoidance of the associ- 
ated allergens. The decrease in BHR in patients with pollen al- 
lergy after the relevant season is a good example. In one study, 
when subjects sensitized to HDM moved to a region of the Alps 
with few to no HDMs, both the level of total IgE and specific IgE 
decreased as did BHR to Wstarnine, 32 which indicates the effi- 
cacy of avoiding the relevant perennial allergen. In another study 
in which 13 asthmatic children sensitized to HDM moved to 
high- altitude regions of Switzerland, monthly bronchial provo- 
cation tests showed that, after moving, BHR to methacholine 
did not change whereas BHR to adenosine 5 '-monophosphate 
(AMP) or exercise significantly decreased. 33 This result suggests 
that the improvement of BHR after allergen avoidance is more 
readily revealed by indirect rather than direct stimuli. In addi- 
tion, in a study in which asthmatic patients sensitized to HDM 
were kept in a hospital isolation ward, enabling complete avoid- 
ance of HDM for more than 2 months, BHR to histamine as well 
as the asthmatic symptoms decreased. 34 Finally, a study in which 
a low level of HDM was maintained for more than 9 months us- 
ing a special treatment for furniture reported a fourfold reduc- 
tion in BHR to histamine in asthmatic patients sensitized to 
HDM. 35 



BHR IN SUBJECTS WITH ATOPIC OR NON-ATOPIC 
ASTHMA 

Although atopy is a major risk factor of asthma, a large propor- 
tion of asthmatic patients do not have atopy. Non-atopic asth- 
matics comprise a third of all asthmatics when taking into con- 
sideration discrepancies between reports, and share many fea- 
tures with atopic asthmatics in terms of clinical features, risk 
factors, immunologic mechanisms, and pathophysiology. 36 
There are currently three hypotheses about the pathophysiolo- 
gy of non-atopic asthma, namely, that one or more of the fol- 
lowing processes are involved: allergic reaction to a currently 
undetermined antigen; localized allergic reaction of the bron- 
chial mucosa to environment allergens, which are undetect- 
able by a blood or skin test; and infection-associated activation 
of the immune system by a superantigen or by an autoantibody 
to a denatured tissue protein. 37 

Several BHR studies that have compared groups of atopic and 
non-atopic asthmatics have reported conflicting results. In a 
study on 214 ten-year-old current wheezers (113 atopic, 101 
non-atopic), the prevalence of subjects who had a methacho- 
line PC20 of <4 mg/mL was higher in atopic than in non-atop- 
ic asthmatics. 38 A recent study on 136 school-aged asthmatics 
also reported a higher prevalence of BHR to methacholine and 
a lower PC20 in atopic asthmatics than in non-atopic asthmat- 
ics. 39 In contrast, in one study, the prevalence of BHR to metha- 
choline in adult asthmatics was not different between atopic 
and non-atopic groups. 40 Similarly, in a study on pediatric asth- 
matics (n=135), methacholine PC20 was not different in the 
presence or absence of atopy. 41 In our recent study on 120 chil- 
dren with asthma, no significant difference in methacholine 
PC20 was found between children with (n=94) and without 
(n=26) atopy (2.00 mg/mL vs. 2.95 mg/mL). 42 However, a par- 
tial difference was found when BHR was assessed using a spe- 
cialized method. In a study on pediatric asthmatics, although 
the degree of sensitivity was the same in atopic and non-atopic 
groups, the degree of reactivity was higher in non-atopic asth- 
matics. 43 

These conflicting results are largely not understood, although 
several reasons have been postulated. First, because of the loose 
diagnostic criteria of asthma, some of those in the non-asth- 
matic general population might be misclassified as being asth- 
matic. Therefore, a significant difference in BHR in the general 
population might be reflected in studies on asthmatic patients. 
Indeed, in the aforementioned studies, the frequency of using 
controller medications was higher in atopic than in non-atopic 
groups, 38 and the prevalence of positive BHR was lower (atopic, 
78%; non-atopic, 48.5%). 39 In another study, asymptomatic pa- 
tients thought to be asthmatic also showed a lower prevalence 
of BHR (atopic, 41/81 vs. non-atopic, 7/37), which suggests that 
not all of the subjects were in fact asthmatic patients. 44 Second, 
the unequal distribution of other variables that can influence 
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the presence of BHR (i.e., younger age, earlier symptom pre- 
sentation, parental history of asthma, smoking exposure, a de- 
crease in baseline lung function) 41 may influence the difference 
in BHR between atopic and non-atopic groups. Third, a differ- 
ence in the degree of BHR might be specifically related to a sin- 
gle specific allergen rather than to atopy itseE In an early study, 
sensitization to HDM showed a significant relationship with 
BHR, whereas sensitization to grass did not. 45 In a retrospective 
study on adult asthmatics, a patient group with lower metha- 
choline PC20 had a higher rate of sensitization to HDM than to 
other antigens. 46 

The results of comparing BHR between atopic and non-atop- 
ic asthmatics differ depending on the type of stimulus used to 
provoke bronchial constriction. In one study, atopic asthmatics 
more frequently had BHR to AMP or cold air than non-atopic 
asthmatics, whereas there was no difference in the prevalence 
of BHR to methacholine 40 In another, school-aged asthmatics 
who had BHR to AMP showed a higher frequency of positive 
SPTs than those who did not. 47 Recently, we reported that AMP 
PC20, other than methacholine PC20, was significantly lower in 
atopic asthmatics compared to non-atopic asthmatics in a ret- 
rospective review of results of BHR to both methacholine and 
AMP in school-aged asthmatics. 42 

The fact that BHR to methacholine is similar in atopic and non- 
atopic asthmatics whereas BHR to AMP is different may indi- 
cate that atopic asthmatics have more severe eosinophilic air- 
way inflammation than non-atopic asthmatics, because BHR to 
AMP is more closely related to eosinophilic airway inflamma- 
tion. 48 In a study that measured exhaled NO, atopic asthmatics 
had a higher level of fractional exhaled nitric oxide (FeNO) than 
did normal controls, whereas non-atopic asthmatics showed 
no difference. 49 Moreover, when bronchoscopic biopsies were 
performed, atopic asthmatics showed airway inflammation in- 
volving eosinophils, mast cells, and T cells, whereas in non-atop- 
ic asthmatics it was composed of neutrophils and mast cells. In 
a study in which the patterns of inflammation in induced spu- 
tum were compared between atopic asthma, non-atopic asth- 
ma, and non-atopic non-asthma groups, the first group had a 
higher percentage of eosinophils than the second group, which 
itself had a higher percentage of neutrophils than the last group. 50 
These results imply that eosinophilic airway inflammation is 
more prominent in atopic asthma than in non-atopic asthma, 
which would explain the higher degree of BHR to AMP in atop- 
ic asthmatics. 

RELATIONSHIP BETWEEN THE DEGREE OF ATOPY AND 
BHR IN ASTHMATIC PATIENTS 

The difference in BHR between atopic and non-atopic asth- 
matics is not sufficient to delineate the relationship between at- 
opy and BHR: the distinction between atopy and non-atopy is 
frequendy obscure, and the degree of atopy varies greatly among 



atopic subjects. For this reason, quantifying the degree of atopy 
appears to be an appropriate alternative to verifying the associ- 
ation between atopy and BHR. 

There are various ways to quantify the degree of atopy, how- 
ever, no consensus criterion has been agreed upon. Total IgE in 
the serum, specific IgE, the wheal size to the most reactive aller- 
gen, the number of positive SPT results, and/or the sum of wheal 
sizes are used to quantify the degree of atopy. Although total 
IgE can easily be assessed, normal cut-off points are arbitrary 
and vary according to age and sex. Moreover, the specific IgE 
antibody, which mainly contributes to total IgE, varies accord- 
ing to geographic location. 51 The specific IgE antibody or the 
wheal size to the most reactive allergen are easy to interpret, 
but provide only limited information on the overall atopic sta- 
tus. The number of positive SPT results would serve as a clear 
criterion, however, it cannot differentiate between major and 
minor allergens, and may therefore underestimate the atopic 
status in those who react strongly but exclusively to a few aller- 
gens. Summing the total wheal sizes can also provide a good 
solution, but it can be strongly affected by a few strong aller- 
gens. Some researchers have proposed using a "sum of scores" 
system to determine atopic status. 1 Each response is scored from 
+ to ++++ and atopic status is assessed by summing these scores. 
The resulting score can reflect each strong response when sub- 
jects are sensitized to a few allergens and can avoid an exces- 
sive response to a few allergens when subjects are sensitized to 
many allergens. 

Studies on the relationship between the degree of atopy and 
the severity of BHR have shown conflicting results. For exam- 
ple, BHR to methacholine in asthmatic patients has been shown 
to have a good 52 or a poor 45,53 association with the degree of ato- 
py. Even in studies confined to atopic asthmatics, the degree of 
atopy shows conflicting relationships with BHR to methacho- 
line or mstamine. 1,54,55 A retrospective study reported a higher 
sensitization rate in those who have BHR to AMP, 56 whereas an- 
other study reported no association with BHR to AMP. 52 The au- 
thors of this latter study hypothesized that the association would 
be more clear when BHR to AMP is pinpointed in atopic patients 
with asthma. We assessed the degree of atopy from the level of 
total IgE, the number of positive SPTs, and the sum of the atop- 
ic scores in school-aged atopic asthmatics, and found that as 
the degree of atopy increased, AMP PC20 decreased, whereas 
methacholine PC20 did not change. 42 This implies that, in asth- 
matic patients, BHR influenced by atopy would be more clearly 
reflected by AMP than by methacholine. This trend was repli- 
cated in our similar study on preschool atopic asthmatics. 57 
While the methacholine end-point concentration (EPC) dis- 
played no trend in response to the increase in the degree of ato- 
py, AMP EPC decreased when the level of total IgE and the atop- 
ic score increased. These results also indicate that in asthmatics 
the degree of atopy is well correlated with the degree of eosino- 
philic airway inflammation. Indeed, total IgE in the serum is as- 
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sociated with the FeNO concentration in asthmatic children. 58 
Moreover, a further study reported that both total IgE and HDM- 
specific IgE are well correlated with FeNO. 59 

RELATIONSHIP BETWEEN THE DEGREE OF ATOPY AND 
BHR IN NON-ASTHMATIC AR PATIENTS 

Among rhinitis patients, allergic subjects more frequently have 
BHR than non-allergic subjects. A study on adult rhinitis pa- 
tients showed that subjects with BHR (n=161) had a greater 
prevalence of atopy, larger serum eosinophil counts, and a high- 
er level of serum total IgE than those without BHR (n=249). 60 In 
a larger study, adult patients with AR (n=506) had a higher fre- 
quency of BHR than those without AR (n= 153) (34.9% vs. 19.9%). 61 

Because BHR is more frequent in subjects with AR than in 
those without AR, whether BHR prevalence is different across 
the level of atopy in AR subjects would be of great concern. We 
found no difference in the number of positive SPTs, the type of 
positive allergens, or the level of total IgE in the serum when we 
compared a group of school-aged AR patients who had BHR 
(n=42) to those who did not have BHR (n=73). 62 Other research- 
ers have reported similar results. In one study that analyzed 
school-aged AR patients, the number of positive SPTs or blood 
eosinophils were not different between those with BHR (n=31) 
and those without BHR (n=20), although the former group had 
a higher frequency of persistent rhinitis and a higher level of to- 
tal IgE. 63 Another study showed a similar number of positive 
SPTs and level of total IgE between school-aged AR subjects 
with BHR (n= 13) and those without BHR (n= 15). 64 In contrast, 
a further study on AR patients showed a close association, be- 
cause those who had BHR (n= 23) had a greater number of pos- 
itive SPTs than those who did not have BHR (n = 36) (4.04 ± 2.03 
vs. 2.63+1.24, P=0.04). 65 Furthermore, the number of positive 
SPTs had a negative correlation with methacholine PC20. 

The conflicting results might be derived from the disparity in 
atopic composition, i.e., the types of sensitized allergens or the 
ranges of the degree of atopy. In a previous study, a group of AR 
subjects sensitized to perennial allergens showed a higher fre- 
quency of BHR than those sensitized to seasonal allergens, while 
in subjects with seasonal AR the degree of BHR measured in 
the relevant season was higher than when measured out of sea- 
son. 66 Although in the study that reported no association, the 
subjects had on average two positive SPTs, 63 the subjects in the 
study that reported a good correlation had on average four pos- 
itive SPTs. 65 Moreover, in the latter study, most of the subjects 
who had more than five positive SPTs displayed BHR. 

The methods used to measure the degree of atopy may have 
resulted in the prevalence of BHR to methacholine not being 
proportional to the number of SPTs in AR subjects. In contrast, 
the relationship with the degree of atopy may be more sensitive 
when BHR is measured in relation to AMP rather than to metha- 
choline, as seen for the asthmatic subjects. We measured BHR 



to both methacholine and AMP for 88 AR subjects and analyzed 
their relationship to indices of the degree of atopy (total IgE in 
the serum, number of positive SPTs, and sum of atopic scores 
based on the wheal sizes). 67 We found BHR to methacholine in 
22 (25%) subjects and to AMP in 30 (34%) subjects, while those 
with three atopic indices were not different between the groups 
with or without BHR to methacholine. Total IgE in the serum 
and atopic scores were higher in the groups with BHR to AMP 
than those not sensitive to AMP. Moreover, when we divided 
each atopic index into three segments and compared the prev- 
alence of BHR to both methacholine and AMP across the seg- 
ments, the prevalence of BHR to methacholine showed no trend, 
whereas that to AMP showed an increasing tendency associat- 
ed with total IgE and the sum of the atopic scores. These results 
indicate that in AR subjects the frequency of BHR to AMP rath- 
er than to methacholine is more associated with atopic param- 
eters, as is found in atopic asthmatic subjects. 

CONCLUSION 

Although much conflicting evidence is presented here, atopy 
and BHR are closely associated not only in asthmatic subjects 
but also in non-asthmatic subjects, including AR subjects and 
the general population. Moreover, in some specific groups, the 
degree of atopy is well correlated with the degree of BHR. This 
association is more prominent when BHR is assessed by AMP 
than when assessed by methacholine. This evidence indicates 
that eosinophilic airway inflammation may be involved in the 
association between atopy and BHR. 
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